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Some calculations and tables on the neutron-induced 
activity in fallout due to soil and sea-water 

by W. F. Greenhalgh 

These tables are only intended to be used as background information to be 

used in re; 1g vefs. 17 and 18. The starting point of the calculations was 

a. W. Klement's report (Ref.1.). 

oy clean bomb 

Regardless of whether such a weapon is probable or possible, a clean 

is taken to be one in which 10% of the energy release is due to fission ar 

due to fusion. It is estimated that a clean bomb produces thirteen times 

number of neutrons produced by a pure fission bomb of the same yield. 

Fission: 1.4 neutrons available for absorption per U238 fission on the average. 

The total energy release per fission is 190 MeV. 

Fusion: Number of neutrons available for absorption 1.5, say, per fusion on the 

average. Energy per fusion is 15 MeV (say). See ENW April 1962. p22. 

Ratio of numbers of neutrons produced 

Considering two explosions of the same yield, one all fission and the other 

all fusion, 

No. of fusion neutrons 

No. of fission neutrons 4 

= 14 

Consider now a 10% fission weapon. 

No. of neutrons = (04x14) + (0.9 x 14) 

No. of neutrons if 100% fission 4 

=r 

Effect on activities in fallout 

It follows that the ratio activity of isotope , worked out on the 

activity of F.Ps. 

assumption of a 100% fission weapon, can be increased by a factor of 150. 

Taking Na at 26 hours after burst as a worst case and using the NRDL 

fission product decay law normalised at H +1, the total soil activity at this 

time can change from s 



7,150 + 2,000 = 9,150 Mev/sec/u? + 3.7 x10” 

with a 100% fission bomb to z 

TA5 + 26,000 = 26,715 Wev/seo/u? + 3-7 x 10°° 

with a 10% fission weapon. 

With a 10% fission weapon, the sodium can predominate over the fission 

products from about H + z to about H + 44.0. Initially the decay would be slower 

than ¢~“~ up to H + 26, and after H + 26 would be faster than rae Lets 

Calculation of neutron-induced activity in other cases 

The neutron-induced activity cannot be calculated without knowing the 

complete chemical composition of the medium in which the neutrons are absorbed. 

The tables might be of help in calculating a possible upper limit to the 

activity. In particular hydrogen, because of its large absorption cross-section, 

is important in such things as the moisture content of soils, and the water of 

crystallisation in mineral rocks. 

October 1962. 
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A Elenent 

Location 

Percentage by weight 

Barth's crust*, world average 

Ref. 7 and 12 i 
Earth's crust*, world average 
Ref. 2 

Liberia Africa Ref. 3 

Nevada desert aes 
Lava clay, Hawaii Ref. 3 
Beach sand Pensacola, 

Florida Ref. 5 
Nevada Test Site soil Ref. 1 
British Isles' soil Ref. 12 

English chalk soil Ref. 11 
Welsh shaly subsoil Ref. 14 

“The earth's crust excludes the oceans and the atmosphere. 

Table 1. Composition of soils. 

ELEMENT 

ROCK 

Average igneous rock Refs.10 & 12 

Average shale Refs.10 & 12 

Average sandstone Ref. 10 

Average sandstone (BRS) 

Average limestone Ref. 10 & BRS 

Average sediment Ref. 10 

Quartzite Ref. 12 

Feldspar and 

feldspathoia Ref. 12 

Kaolinite 

Clay sediments Ref. 124 

Upper lithosphere Ref. 12 

Average granite (BRS) 

age dolerite (BRS) 

#*And taking into account data supplied in private communication 
by Petrographical Dept. of the Geological Survey and Museum, S. Kensington. 

Table 2. Composition of rocks and minerals. 



Sand 
Bricks 

=mny 

SCOCKCOCOANNUF TSE 

me 

Timber 

Plaster and plasterboard 
Steel 
Iron 
Copper 

Glass 
Lead 
Aluminiun 

TOTAL 

MUG Xo 

Table 3. Average percentage occurrence of building materials in British 
buildings. 



Material 

Buildings as a whole (1) 

Gravel (2) 

Sand (3) 

Bricks (4) 

Cement (Portland) 

Lime 

Timber 

Plaster and plasterboard 

Steel 

Iron (cast) 

Glass 

See table 3 for the average percentage occurrence of these 
materials in British buildings. 

Information supplied by BRS. Based on annual consu 
materials in UK in 1959. 

'Gravel' is the same as 1 x t eee 
standard '1 : 2 Llow: mr te percentage 
composition by wei 

Cement d Water 

441 7 % 

Limestone, granite and dolerite are all used as gravel according to 
locality. The composition given is simply the unweighted average for 
these three, 

No analyses of sand are available. The values are for sandstone given 
by BRS. 

BRS data. All types of bricks. Clay analyses supplied in a private 
wunication by Petrographical Dept. of the Geol cal Survey 
Museum, South Kensington gave averages: Na 0.36) and ln 0.0543. 

Table 4. Chemical composition of British buildings and building materials. 



Time after 
burst 

NWRDL curve at 100 days 

Average quantum energy 0.70 V per disi on,independent of time. 

Table 5. Activity of fission products. 

Nuelide 

4 day | 1 

210 

6,700 | 

| 

| 
| 

449,000 | | 

| 

It is assumed that 4076 neutrons/iT are absorbed in the soil. 

Table 6. Activity of nuclides from soil. 

js by wt. rs quantum Time of max. 
Nuclide| of elementjenergy per Half-life| activity of isotope 

in soil | disintegration activity of F.P's. 

| 4.44 MeV 45 hours 26 hours 

2.3 Tee 4. mins. 

42.4 hours | hours 

2.6 hours 65 hours 

Table 7. Properties and occurrence of nuclides from soil. 



" i 26 , Bg Pele 
It is assumed that 10° neutrons/MT are absorbed in the sea water. 

Table 8. Activity of nuclides from sea water. 

—————— 

4 | } Ti 2 Max. ratio: 
yo by wt. Av. quantum | ees Bear ee 

Nuclide} of element energy per | Haip-lite a ae 
in sea water} disintegra- ae | 
Ref. 8 tion 

4.44 MeV 45 hours 26 hours 

4650" 37 mins. 64. mins. 0.33% 

Table 9. Properties and occurrence of nuclides from sea water. 



F.P's. 
| 100, 

Fission 

4,200,000 | 6,500 | 3 | 6,006 00C 21.6 ,000 

| 513,000 | 300 | 19,50 C 174,000 
230,000 
445,000 
98,000 
78,000 

64,000 

50,000 

ts} 

ooao 

3 

wo 

Sood 

The soil contains Na 1.6% an 
Neutrons absorbed in soil 1.35 x 10 

Table 10. Fallout from a clean bomb on soil. (See Fig. 5.) 

0.1 x (F.P's) P.pt P.Pts. | +13 x (Na + C1) | 1076 
Fission 

420,000 
52,000 

20,400 
19,500 
18,600 
47,700 
16,900 
46,200 
44,700 

Seawater contains Na 1.0 and 
Neutrons absorbed in seawater 

Table 11. Fallout from a clean seaburst. (See Fig. 5.) 



Table 12. Percentage mass of elements in compounds. 

urban terraced 
-storey house estate 

rly ope: 
ng, London 

bs, : . + 
| Fraction of area occupied by 0.20 
buildings . 

Mass per unit area of buildi 

{ tons/ +} 

Mass per unit area of territory 

10.16 to 0.2h. 

0.0352 to 0.048 5 to 0.35 

{ tons/ et} 

Table 13. Mass of buildings per unit plan area in cities. 
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Comments and explanati 

by J. McAulay 

introductio: 

This volume covers such an extensi 
it is virtually an encyclopaedia 
many intricate relationships 1 

he “round about" argument 
to extract i 

Unfortunat 
reports and much of it 

Weapons" (EN 
Consequently leng 
relationships be 
careful study of 
tinguish betwee 
experiment or on s' 

at least it is hoped to indica 
ich are likely to be of greatest value fo 

will take 
expanding an 
physical, chemical 
at any point - 

(a) 

ferentially retained in 
cal availability 
oa major part of 7 

achieved the 

reproduction 0 

ences of a ni o 
found ti available ex al data fr 
inadequat: the second part of his objective. 

Miller's simplified model ba 



in USNRDL Report 249 dated 19: this mo 
of a groundburst becomes a sphere it leaves 
expands adiabatically as it rises culmina 
dal cloud after the toroidal motion has cea: 
swept out by the rising, 

wards from the perip 

intensity peak from the stem near ground zero and usually sez 
skip distance from the ridge of high intensity caused by particl 
fall from the stabilised cloud. 

fo} a 
5 

tion, The particle 
activity of the yp 

or height of burst, of k 

fissile material (see fissic 
act > P Hy 
p 

The modification of 
ment of the fall-out from the ste 
Schematic intensity profile alor 

fall-out pattern. Fig. 5.1 p.2 Lust: the double hu of higl 
intensity and the selected nine i i e nee points alon, 

the "hot" line from the upwind edge +t S Point 8 
corresponds to + mum p i i iller also introduces a 
particle size 1 (see p.207-208 defir 

which par 

rom fall-out patterns 
derived, based on the assump’ 244 2 connecting the 
various parameters from along the central 
hot line. Thus relationshi C 

(4) he parameters 

(43) is ind and < 

exclusively to fission yi 
fireball as it leaves th 
Z and radius a with suff: 

(iii) between radiation intensit 

(4) 

(v) 
pattern ellipse (pp. 

These empirical r 
100% fission yields of i 

* 
The term radiation in y can have many meanings. 
term eir ionisation - at 5 ft. above a contaminated su 
absolute value in th Me ith a measuring instr 

latter imposes a i ng factor and Miller st 
th factor against time during use of a typical US portable radiac m 

, (see Pig. 3 

Ne 



45 mph. The construction of an.i a 

fission yield in a 15 mph wind is illustr 

5.2 p.257 shows radiation intensity vs ai 

from point to point. 

The effect of different wind 

and consideration is given to the possible crosswind shear eff 

pp. 288-293 and Table 5.11 showing ti io of latera’ 

downwind travel of the bulge in the cloud p di 

of cross windshear Sy in knots/1000 ft. and for 

4 KT to 100 MT. 

The build up of fall-out (70 
miles) downwind the central 
in a wind speed i 

size - location 

Relation bety 

mia one factor 

where W is the 
a, is a ground rov 

so that the quanti within the square bracket 

ionisation t 4 hour z _ above 

contamin: 
contamination density of one fissio 

at 
to a surfa 
term 2G is the true contribution which would t 

the fission products had Lesa the eee ¥v 

tion of the total fission products per 

ground at locations havi 
Putting in values of 0.75 for D, 

and 0.13 x 40713 (rph at 1 hour/fission, 

ig,(1) and for i,(4) from p-231, gives equatior 

turn 



fenckor’ 

Lang ) 

Values of = termined tk ath ical model 
weapon trials data.) Sller.1 & plottea ,( s of in F6.2 p.320 
£(, /) vs << in Fi 6.3 p.32k. atte ive can be treated 
three straight sections from which three ah are de 
On pe325 relating f (od) +o for values {from 0.41 to 0.9; 
from 0.9 to 20 and for x 20: this last equation 1s guesswork as no 

experimental data are available for o<>20. 

Hence for any selected point for which < can be determined the 
rate at 4 hour and the mass of fall-out deposited per unit aea can be 
calculated. 

Since a fall-out producing 
level, Miller introduces (9.3 
to _\ .the cube root of the yi 

-~——a SS 
Fig. 6.4. p.328 shows } 

it is in good agreen 

Miller also a 
fractionation is les 

p-520 and pp 527-337). 

the 
the 3-3 

@Oouwk 

mathematical model are considered. 

The lack of a 
to exemplify his m 

(pp. 133, 152, ee The two most 

th a melting point 

and (ii) that "half af energy 
is used to- heat dissociate and expu. 

half is used to va; i i 
from the soil" ( 

nergy paqiined to vapo 
imates (p.151) ¢ 
8 to between 105 

My ck Ee 
ent is quit 

ee oF LEB (p54) that 

-k- 



457) where the carrier soil particles cons 
melting point of 2580°C and the particles ca 
carbon dioxide in the atmosphere bef bei 
Nevertheless Miller claims (p.157) th: 
amount of liquified carrier soil per 
melting point temperature , /7n(Z)/VW/ agree with obs 
a factor of 2. y z 

Miller admits on p.i46 tha 
of his Tables and used to 
individual isotopes i 
planning purposes. 
deduced from his model,for i 
in fall-out from a nuclear groundburst giv. 
of the processes that cause fractionation and g 
mations of use in C.D. planning. 

the firebal 
condensation 
crater (eqn 
product isotopes or 

energy used in hee 4 so 

the former, pp. 122 occluded in 

The fission product 
when the fireball temps. 
poi of 4% carrier 
higher boil: ides of 
droplets of lig 

In this form +t 
poration into 
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he 

ch BO 

compounds condense on to 
particles. Since lar, 
those fissi a 
smal 
biolozi 

a)» 
gaseous precursors te. 
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Ge 
the ie 5 ft. level, over 
products per fission 
value of 4 
of burst for 
products m=cach 

~ ch Bs 

In Miller's model, 
arbitrarily chosen as 4 
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the arbitrarily sel 
Miller finds that ti 
cool to 1400°C respe 
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Miller's and calculetions 
his mathematical model and + duced 
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because of the symbols used 
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neutrons and U. 
ionisation 

contributi 

hose 

weapon 

onation factors 

Juadle data, 

cloud ex, 



products cam 

fission by 8 
number of i 

unfractioned ones (e.g. 

on the ratio of 
samples, at 0.5 

On p56 however 
indicate 
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normalised air 
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Miller in Table 3.1 
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Appendix 
List of some misprints and errors in 

"RALLOUT AND RADIOLOGICAL COUNTERMEASURES" VOLUME I 

6 lines from bottom, for "gass" read "gas" 

Para. 1, line 7, for raionuclides" read "radionuclides" 

Line 12, "Wind Vector = wind speed x time" 

"Wind vector (miles) = wind speed x timc” 

3 lines from bottom, for "AQ", read a" 

Para. 2, line 14, for ae read " ie 

Line 1, for "t =41-4t to t = 10t" read “oe =1 okt, to t, = 10" 

Heading, for "VOLUES" read "VALUES" 

Last para., line 3, for "Figure 3.1", read "Figure 3.3" ? 

Para. 2, line 8, for "firball" read "fireball" 

(3.176), for "3.8" read "3.12". 

(3.177), for "Table 2.23" read "Table 3.10" ? 

After heading, add "PER 40° FISSION" 

Line 4, for "Section 3.4" read "Section 3.2" 

Line 5, for "Figures 3.3 and 3.4" read "Figures 3.5 and 35.6" 

5 lines from bottom, for "Figures 3.2, 3.3 and 3.i." read "Figures 3.1, 

3.5 and 3.6" 

Table 3.18 heading insert "air" after "H +1" 

Graph, change first "4" to "3" and first "6" to "5" 

Para. 3, line 11, for "Figure 2.9" read "Figure 3.9" 

Table. Meaning of ise (4) \not understood 

(r x 109) 

4, lines from bottom for “of 10 atoms" read "of 10 

Line 1, for "it the falling rate" read "is the falling rate" 

(4.67), for "per fiss / ft" read "per fiss /eten 

Line 16, for "section §.4.1" read "section arate 

(5.4), insert line between numerator and denominator kK, 

(5.6), for "Bq.5.43" read "Eq.4.435" 

(5.9), insert line between numerator and denominator <2, oi 

Para. 2, for "he/5" read "e735" 

Golumn 2, for ees read ay P he 

Line 16, for "ENW" read "ENW*" and for "Anderson “" read “Anderson " 

Line 20, for "K(1)C(1)" read "K(1)" ? 

5 lines from bottom, for "Eq. 4. 7k" read "Eq. 5-1" 

4, lines from bottom, for " mG) Area" read "4 GD) Area" 

(6.5), for "Table 2.19" read "Table 3-11 p-156" 

40 lines from bottom, for “tubulated" read "tabulated" 

8 lines from bottom, for wr(a)" read eZ (a)" 

Line 5, for "Chapter 2" read "Chapter Ze. 

(6.45), for "=" read ">" i 

(6.46), insert line between numerator and denominator 

(647) " y 

he 
atoms" 

" cf " 




